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Abstract
Introduction
Inter fractional setup uncertainties for patients receiving cervical radiation therapy treatments can
cause a significant change in dose to the target structures resulting in under dosing or over dosing
the patient. Varian has created an auto feathering algorithm for extended field radiotherapy to
help smooth out the dose located at the junction between the two fields. This may reduce the
percent change to the dose distribution when the setup uncertainties are introduced.
Methods
The study is a retrospective dosimetric analysis of 10 randomly selected female cervical cancer
patients. Each patient had a plan created using the traditional technique of overlapping the fields
without the use of the auto feathering algorithm, and then with the auto feathering algorithm
enabled. The patients were then shifted ±3 mm and ±5 mm in the CC direction and then had the
dose recalculated without any changes to optimization.
Results
The results showed statistically insignificant percent changes to the planning target volume,
global doses, or surrounding organs at risk. Although the percent differences were all lower on
the plans that incorporated the use of the auto feathering algorithm it did not produce a large
change compared to the traditional overlap technique.
Conclusion
The Varian auto feathering algorithm can help to reduce the percent changes to the dose
distribution when setup uncertainties are introduced. However, the difference between the plans
that used the algorithm versus the plans that did not were not significant enough to require the
use of the algorithm when a quality initial overlap plan is created.
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Introduction
Cervical cancer accounted for the 8th highest number of new cancers worldwide in 2018.
1 The most common method of treatment is Radiotherapy (RT). Typical fractionation schemes
for the treatment of cervical cancer included 40-50.4 Gy treated at 1.8-2.0 Gy per fraction. 2
Certain patients may have disease that has extended outside of the cervix and invaded into
surrounding tissues and expanded into lymph node chains. The main route of spread for cervical
cancer is via pelvic lymphatic pathways. Commonly the hypogastric and lateral pelvic routes are
where the most lymphatic drainage takes place from the pelvis. After passing between through
those routes it is possible to spread superiorly to the external and internal iliac lymph nodes, and
posteriorly along the presacral route to the uterosacral ligament. 3
Depending on the extent of the disease, large treatment fields may be required to treat all
of the areas of concern. These large fields were treated with extended field radiotherapy (EFRT)
to include the pelvic and para-aortic regions. Some treatment facilities historically use a fourfield plan consisting of opposing anteroposterior (AP) posteroanterior (PA) beams and two
lateral beams for to cover the entire area. Recently, some facilities have progressed to using
Volume Modulated Arc Therapy (VMAT) when treating these areas. Studies have shown this
has the potential to reduce the volume of bladder and rectum receiving the prescription dose by
96%, and 71% respectively. This is accomplished by the treatment machine continuously
reshaping the field and intensity of the radiation beam to ensure proper protection of normal
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tissue and organs at risk (OARs). When using VMAT with EFRT it can create issues attempting
to cover the entire planning target volume (PTV) due to limitations of field size the treatment
machine is capable of. Due to the large field size it may result in the need for two isocenters to
be placed. A multi-isocenter treatment results in the patient being shifted midway through their
treatment to cover both areas. 2 When planning a multi-isocenter treatment areas such as this, the
two fields are matched at the edges in the cranio-caudal (CC) direction. A common issue
dosimetrically that is created when matching fields in the CC direction is the creation of hot and
cold spots. The homogeneity and conformity of the radiation is not adequate to cover the PTV in
these hot and cold spots. Traditionally the most frequent method when treating a multi field
radiotherapy area with VMAT includes overlapping fields created by the arcs by 3mm or 5mm.
Inside the overlapping areas multiple isodose contours are created to combine coverage of the
50% isodose lines. The purpose of this is to merge the lines when the fields intersect to blur the
isodose lines that would under does the patient allowing the field to reach prescription. Studies in
other treatment areas such as craniospinal irradiation (CSI) have reported overdoses of 112.8%
and 116.3% for 3mm and 5mm setup errors respectively and under dose of 85.0% and 81.8% for
3mm and 5mm setup errors respectively when using this method. If the treatment area is under
dosed the tumor control can be significantly compromised, while overdosing the area can lead to
worsening radiation-induced side effects. This demonstrates the severity of errors that can be
created depending on the overlap length of adjacent arcs. 4
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Varian (Varian Medical Systems, Inc., Palo Alto, CA) has developed a treatment
planning system (TPS) - integrated algorithm to address the issue that uncertainties have created
during multi isocenter treatments. The algorithm that can be used when planning VMAT
treatment to combat this issue is called automatic feathering (AF). The purpose of this algorithm
is to create a dose distribution that is homogeneous inside the field junction. The treatment
planner selects the overlap that they have chosen for their fields in the CC direction and the
algorithm can automatically create the blending that in needed for the area inside the junction of
the two fields.
Previous research has been performed using the AF algorithm to solve the issue that is
created by field matching in the CC direction. CSI is a large field treatment that includes the
skull and all of the spinal canal. In many cases this requires the use of three or more different
fields that need to be matched. Conventional linac machines and helical tomotherapy machines
can both be used when treating CSI. 4,5 Prior studies have analyzed the dosimetric impact that
has been created by setup uncertainties in the CC direction for CSI using multiple treatment
planning techniques. Overlapping, staggered overlap, overlap with AF, and staggered overlap
with AF were used to determine the positive effects the AF algorithm has of reducing the impact
of setup uncertainties that are present with classic overlapping techniques. 4 This can be
extremely beneficial when performing multi isocenter plans in any area to ensure that the patient
is not being improperly dosed in the areas of overlap. As previously stated in a 3mm overlap
mistreatment can be as great as 15% respectively. The impact this uncertainty can have in the
abdomen when treating a patient for cervical cancer can lead to many negative radiation induced
5

side effects. To the best of my knowledge, the evaluation of using the AF algorithm when
treating cervical cancer has not yet been evaluated.
The purpose of this study is to determine if using the AF algorithm created by Varian
reduces the percent difference from the base plan created by setup uncertainties during daily
radiation treatments if used during plan optimization. Ensuring the proper dosing and reducing
uncertainties in this area can aid in the control of unknown dose to OARs such as the small
bowel, kidneys, and the spinal cord. Having a larger understanding on the exact dose a patient is
receiving can help the oncologist predict the possibility of radiation induced toxicities and alter
the treatment before starting or during if needed. The study will be performed by using the
traditional overlap method with and without the use of AF on patients that were treated using
VMAT for cervical cancer with lymph node involvement. Setup uncertainties will be included
by shifting the isocenter of the treatment ±1 mm, ±3 mm, and ±5 mm in the CC direction. Dose
to the target and surrounding tissues will be evaluated to determine coverage of the PTV by
prescription dose, and unexpected excess dose to OARs.

Materials and Methods Section
Methods
For this study ten anonymous female patients were selected retrospectively from a data
base that had received treatment to the cervix and para-aortic lymph nodes. The age of the
patients was unknown as well as the specific simulation set up and scanner information. From
the computed tomography (CT) images that were used it can be determined that the patient was
treated in the head first supine position and had their arms raised above their heads during
6

simulation. The patients had one clinical treatment volume (CTV) drawn to encompass the entire
cervical and lymph node chain. The PTV was obtained by expanding the CTV 3mm. The dose
prescription that was used for each of the patients was 50.4 Gray treated in 28 fractions.
The treatment plans were created using Varian’s Eclipse Treatment Planning System
version 15.6 and designed for a Varian TrueBeam. 10 MV flattened photon beams were used for
each of the treatment areas. Each VMAT plan was optimized using the Photon Optimizer
Algorithm PO_15605 and the volume dose distribution associated with the plan was computed
using the Anisotropic Analytical Algorithm (AAA) version 11.0 with a 2.5 mm dose grid
resolution. Two isocenters were considered due to the large size of the PTV. The large field was
then separated to account for the multi isocenter treatment design. One of the fields was created
to incorporate the gross disease located in the cervical area of the patient. The second field was
created with the intention of encompassing the involved lymph node chain. The precise isocenter
locations, including distance between the two isocenters, varied due to patient specific anatomy.
The isocenters created are collinear with the only variation being in the longitudinal direction.
This choice was made to increase the reproducibility of setup for daily treatment by simplifying
patient setup during treatment. The geometry of the arcs and optimization settings of each beam
for the planning techniques are described below.
In the creation of the plans, four full-rotation arcs were used. The first arc covered the
main area of the cervix, while the second arc was created to cover the area of the lymph node
chain. The collimator angles were diversified to reduce the tongue-and-groove effect and areas
7

of excess dose due to interleaf leakage. During the optimization process the main focus was on
the PTV by placing the highest weighting on prescription dose. Additional lower objectives were
placed on the CTV to ensure adequate coverage of the PTV. An upper objective as well as a
maximum Equivalent Uniform Dose (EUD) with an alpha value of 40 was placed on the PTV in
efforts to reduce the overall hotspot that would appear during treatment planning. Upper
objectives with smaller weights (approximately half the value) were placed on the surrounding
critical structures such as the kidneys, bladder, spinal canal, bowel, and rectum. This was done in
efforts to reduce the dose delivered to the OARs and reduce unnecessary radiation toxicities.
Finally, an upper objective was added to the body contour with a weight 4 times higher than any
others to reduce the global hotspot that was created during planning.
Once the plan was created, the isocenter for the lymph node field was then shift inferiorly
+3 and +5mm and superiorly -3 and -5mm to simulate possible intrafraction setup uncertainties.
The plan can be calculated with using the AF algorithm or without it. After the shifts were made,
the plan was then recalculated using the AF algorithm and without it for each direction while
maintaining the same amount of monitor units. This caused each plan to be recalculated a total of
8 times.
Data Analysis
The clinical goals were verified for each of the plans by comparing the PTV coverage
and the dose sparring to surrounding OARs involved in the treatment. Statistics that were
analyzed to determine overall plan quality included global max dose, maximum dose to the PTV
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(D0.01%), minimum dose to the PTV (D99%), and dose goals for OARs. The homogeneity
index (HI) of the PTV was also used to evaluate the plan quality. HI was computed as HI =
(D0.01%−D99%) / Dpres where Dpres is equal to the prescription dose of the plan. The clinical
goals that were used to evaluate the plan are based on the 30 fractions constraints by
Timmerman.
For the statistical analysis, a nonparametric test was used to compare the means and
significance of the difference in the means of the parameters. Nonparametric tests are typically
used when smaller sample sizes are obtained of less than 30 participants. The specific
nonparametric test that was chosen was the Wilcoxon signed-rank test. The Wilcoxon signedrank test is used to compare the mean of two values from the data gathered. An alpha value of
0.05 was used to determine the statistical significance. The software used for statistical analysis
was IBM SPSS Statistics version 24.

Results
The goal of this study was to determine the effectiveness of the AF algorithm created by
Varian to reduce the percent difference of dose distribution created by setup uncertainties during
daily radiation treatments if used during plan optimization. By shifting the patients ±3 mm and
±5 mm in the CC direction, while planning with and without the AF algorithm turned on.
PTV
The PTV volume was analyzed with the maximum, minimum, and mean percentage dose
with respect to the prescription dose of 50.4 Gray treated in 28 fractions. In Table 1 the average
9

values for the 10 patients were collected. When analyzing the results of PTV maximum from the
overlap without the AF algorithm active (OL) to the overlap with the AF algorithm active (OLAF) in all plans other than the +5mm shift the OL-AF had a higher percentage dose between
0.73-2.69%. In the +5mm direction the OL was hotter by 2.02%. The results of the PTV
minimum showed that in the plans with no shifts and negative shifts the OL-AF plans had a
higher minimum value of 0.4-5.4% difference. In the positive shift plans the minimum favored
the OL plans with differences of 2.16-2.66%. The PTV mean showed higher values in the OLAF plans ranging from 1.26-2.31%.
The PTV volumes maximum, minimum, and mean were then analyzed in table 2 for the
OL and the OL-AF separately to find the difference between the percentage with respect to the
prescription in the plans with no shifts versus the plans that contained shifts. The OL plans
showed a higher maximum dose in all of the shifted plans with an average of 1.005% higher with
the +3mm shift, 1.029% with the +5mm shift, 1.104% higher with the -3mm shift, and 1.176%
higher after making the -5mm shift. The minimum dose for the OL plans showed on average a
percentage difference of 0.916% with the +3mm shift, 0.828% with a +5mm shift, 0.890% with
a -3mm shift, and a 0.680% difference on average after making a -5mm shift. The PTV mean
doses showed a dose decrease in the positive direction and an increase in the negative. The
percentage differences were 0.976% for the +3mm shift, 0.960% after the +5mm shift, 1.016%
with the -3mm shift, and 1.024% after the -5mm shift.
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The OL-AF PTV metrics showed similar trends to the OL with the exception to the
maximum in the positive shift direction. The average percentage change to the maximum PTV
dose was 0.998% with the +3mm shift, 0.997% with the +5mm shift, 1.107% with the -3mm
shift, and 1.183% with the -5mm shift. The minimum dose showed changes of 0.887% with a
+3mm shift, 0.793% with a +5mm shift, 0.949% with a -3mm shift, and 0.734% with a -5mm
shift. For the PTV mean the positive shifts showed on average a lower dose compared to the
non-shifted plan and the negative shifts showed a higher dose. The shifts showed a change of
0.978% with a +3mm shift, 0.963% with a +5mm shift, 1.021% with a -3mm shift, and 1.034%
with a -5mm shift.
The HI was computed and showed lower values on average in the OL plans versus the
OL-AF plans except in the negative direction. The percentage difference in favor of the OL plans
ranged from 0.006-0.029. For the plans that favored the OL-AF the difference in the -3mm shift
was 0.033 and the -5mm shift was 0.022. Both the OL and OL-AF plans showed a worse HI
when evaluating the plans after a shift was made. The differences for the OL plans ranged from
0.078-0.47. For the OL-AF plans, the differences in HI ranged from 0.094-0.436.
Global Dose
The global maximum dose is the highest dose point found anywhere inside of the patient.
This was analyzed with each patient after making the shifts in the CC directions. First it was
computed for the OL versus the OL-AF plans. The global maximum was found to be higher on
average in all of the plans other than shifts in the +5mm direction. The range in average global
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maximum in which the OL-AF was higher varied from 0.73-2.73%. In the plans were a shift in
the +5mm occurred the average difference was 2.02%.
When analyzing the average percentage difference for the global maximum for the OL
plans it was found on average all of the shifts had a higher dose than the original plan. The
percentage changes ranged from 1.005-1.175%.
The OL-AF did not behave in the same manner as the OL plans. The global maximum
was higher in the negative shifts; however, the global maximum was lower in the positive shifts.
The +3mm shift on average showed a percentage change of 0.997%, the +5mm shift showed a
change of 0.997%, the -3mm shift showed a change of 1.106% and the -5mm shift showed a
change of 1.183%
Rectum
The rectum was evaluated on the maximum point dose that was located within the
structure as well as the mean dose that was being delivered. All of the plans favored the OL in
both the maximum point dose and the mean dose over the OL-AF plans. The maximum dose
difference ranged from 2.47-3.46%, and the mean dose difference ranged from 3.92-4.76%.
When evaluating the OL base plans versus the plans with shifts the plans with a positive
shift showed a lower maximum and mean doses. The plans that had negative shifts showed
higher doses in the shifted plans. The maximum dose in the +3mm shift was 0.996% and in the
+5mm shift it was 0.995%. The -3mm shift showed a percent difference of 1.046, and in the -
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5mm shift a 1.083% difference was shown. For the mean doses in the +3mm direction a 0.980%
difference was seen, and a 0.969% difference is in the +5mm shift. The percent difference in the
-3mm shift was 1.014% and in the -5mm shift it was 1.023%.
The OL-AF plans again demonstrated a similar pattern to the OL plans. The maximum
and mean doses were lower in the plans that had a positive shift and higher in the plans that used
a negative shift. The maximum dose percent difference in the +3mm plan was 0.997% and in the
+5mm plan it was 0.996%. For the plans with a negative shift the -3mm difference was 1.038%
and the -5mm shift was 1.076%. The rectum mean doses for the positive shifts had a percent
difference of 1.015% for the -3mm shift and 1.027% for the -5mm shift.
Bladder
The bladder was analyzed in the same manner as the rectum. A maximum point dose was
acquired within the structure and the average dose the structure received. The maximum point
dose favored the OL plans in the base plan as well as in the positive shifts. However, in the
negative shifts, a lower maximum dose was present in the OL-AF plans. For the OL favorable
plans, a difference of 1.5-2.99% was present. In the negative shift plans the difference was
1.24% for the -3mm plan and 4.71% for the -5mm shift. The bladder mean favored the OL plans
as being the lower dose for all plans. The difference in percentages ranged from 2.4-4.69%.
The maximum and mean dose for the OL plans showed lower doses in the positive
shifted plans and higher doses in the negative shifted plans. The percent differences for the
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maximum point dose were 0.983% for the +3mm, 0.982% for the +5mm shift, 1.047% for the
-3mm shift, and 1.098%. The mean dose demonstrated percent change values of 0.978% for the
+3mm shift, 0.969% for the +5mm shift, 1.015% for the -3mm shift, and 1.027% for the -5mm
shift.
The doses for the OL-AF had the same effect as the OL plans. The maximum point dose
percent differences for the bladder were 0.997% for the +3mm shift, 0.995% for the +5mm shift,
1.022% for the -3mm shift, and 1.041% for the -5mm shift. The mean dose percent differences
were 0.992% for the +3mm shift, 0.987% for the +5mm shift, 1.010% for the -3mm shift, and
1.018% for the -5mm shift.

Discussion
The purpose of this study was to determine the effectiveness of the AF algorithm present
in the Varian treatment planning systems when creating a multi isocenter cervical cancer plan in
regards to patient setup uncertainties. The effectiveness was determined by evaluating the
percent change between the base plans and simulated inter fractional shifts of ±3 mm and ±5 mm
in the CC direction. Studies in other treatment areas such as craniospinal irradiation (CSI) have
reported overdoses of 112.8% and 116.3% for 3mm and 5mm setup errors respectively and
under dose of 85.0% and 81.8% for 3mm and 5mm setup errors respectively when using this
method. If the treatment area is under dosed the tumor control can be significantly compromised,
while overdosing the area can lead to worsening radiation-induced side effects. This
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demonstrates the severity of errors that can be created depending on the overlap length of
adjacent arcs. 4 The results from this study did not produce any statically significant data.
PTV
When initially looking at the plan parameters it appears that the OL plans are superior
due to the lower dose metrics that are present. However, after further investigation, it can be
determined that for changes in the CC direction the OL-AF planning is better. It creates a more
significant change for plans that have a positive overlap versus plans that are negative. When the
average percent change was calculated it was found that the OL-AF plans had a lower change
compared to the OL plans from the initial base plan. The plans that were overlapped 5mm in the
positive showed more promising results in favor of the OL-AF plans than the positive 3mm
plans. When shifting in the negative direction, a significant difference was not observed between
the OL and OL-AF plans.
Global Doses
The global maximum doses followed the same patterns as the rest of the parametric.
Initially, the OL plans seemed to be superior except for the plans that had the overlap of 5mm in
the positive direction. The HI showed that the negative shifts for the OL-AF plans created a
better outcome than the OL plans. This finding shows a better conformality in the OL plans at
the level of the base planning. After assessing the overall percent change for the HI the OL-AF
on average showed a smaller change when the shifts were made compared to the OL plans. This
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demonstrates the ability for the plan to help eliminate the dose junctions that are created by the
traditional overlap technique that has been used.
Organs at Risk
The bladder and rectum had similar outcomes in regards to their maximum point dose
and mean dose changes after the shifts were performed. The percent difference between the
changes on the positive shifts were showed in favor of the OL plans as the dose was lower than
in the OL-AF plans. In the negative shifts all of the doses were higher than in the original plans.
These results in the percent differences showed that the OL-AF were better as they were closer to
the original plan.
Limitations and Future Research
The limitations for this study were the small sample size that was available to use.
Extended field plans were manually created to produce the need for a multi isocenter plan.
Larger field sizes would better demonstrate the effects of the auto feathering algorithm produced.
Future research that could be performed would be to increase the distance of overlap in
the positive direction. The results from this study show more significant difference between the
OL and OL-AF plans the larger the overlap created. The data may create results that are more
significant when the changes are more pronounced.
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Conclusion
When patients are improperly setup on a daily basis a possibility of greatly under dosing
or over dosing the patient according the anticipated radiation plan can occur. The purpose of this
study was to determine if there was a significant improvement between the classic planning
technique of overlapping the field or the use of Varian’s auto feathering algorithm when setup
errors occur. From the data that was collected during this study it showed no statically significant
changes between the two different planning methods.
The data did demonstrate a trend in the favor of larger overlaps when using the auto
feather algorithm, however, when the patient was shifted in the negative very little improvement
was seen. By introducing a larger overlap, the true benefit from this algorithm may be witnessed.
Further research of this topic would be beneficial to determine if this would be the outcome.
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